T he phenomenon of syringomyelia is a longitudinal cavity within the spinal cord that generally extends over several segments. Its most common cause is a structural lesion in the form of an Arnold-Chiari malformation Type I or II at the foramen magnum. Other causes include localized meningeal fibrosis due to spinal cord trauma or as a consequence of infection, tumor, or surgery. During the last few years, spinal cordectomy has become more important in the surgical treatment of syringomyelia, as revealed by recent publications' reference to this topic. 6, 7 So far, it remains unclear whether only posttraumatic situations with resulting syringomyelia and arachnopathy or a non-posttraumatic tethered cord syndrome and syringomyelia can lead to stabilization or even an improvement in neurological conditions. Alternative surgical procedures include myelotomy; placement of syringoperitoneal, syringopleural, or syringosubarachnoid shunts; and decompression with or without duraplasty. Less-invasive surgical methods are initially preferred with the aim of limiting syrinx extension and neurological deterioration. In special cases, however, spinal cordectomy, as a last resort, promises more durable stabilization.
Methods

Between February 2000 and September 2007, 15
spinal cordectomies were performed at the Department of Neurosurgery, Cantonal Hospital, St. Gallen. All patients were under regular care at the Swiss Paraplegic Impact of cordectomy as a treatment option for posttraumatic and non-posttraumatic syringomyelia with tethered cord syndrome and myelopathy Centre, Nottwil, and were examined using the ASIA standard neurological classification of spinal cord injury, which involves testing of motor and sensory function; a 3-point scale for spasticity; and the VAS for pain. The ASIA scale is defined as an international classification scheme based on touch and pinprick sensations tested in each dermatome and the strength of 10 key muscles on each side of the body. 5 In addition, spinal cord injury was classified into 5 categories (A-E) according to the ASIA and the International Spinal Cord Injury Classification System. The categories subclassify complete or incomplete spinal cord injuries depending on voluntary anal contraction; sensory score in S-4, S-5, and the anus; and motor and sensory function in the extremities. The VAS is a psychometric response scale for describing a statement of a patient's pain situation (VAS Scores 1-10).
In 13 of the 15 patients syringomyelia and tethered cord were of traumatic etiologies. In the other 2 patients progressive neurological deficits developed after a spinal ependymoma and surgical cord injury with consecutive paraplegia. Preoperatively, 9 of 15 patients described progressive and ascending motor weakness. Seven of the 15 patients suffered from sensory deterioration, 6 from progressive spasticity, and 4 from a progressive pain syndrome. In 1 patient hyperhidrosis of the sacral area was the primary symptom.
The surgical technique consisted of laminectomy, adhesiolysis, cordectomy, and, in some cases, additional duraplasty (Table 1 ). All cordectomies were performed at the upper thoracic level. Duraplasty was added in 5 instances.
Results
All 15 patients were examined preoperatively (Fig.  1) , before discharge on Day 6, 3 and 6 months after the operative procedure, and at least 1 and 2 years postoperatively in a follow-up. Altogether, 8 patients demonstrated stabilization in the ASIA score with regard to motor and sensory function, 6 showed an improvement, and only 1 had progressive deterioration (Table 2 and Fig. 2) . Pain was responsible for deterioration in a patient's condition in only 3 cases, whereas the examiner found stabilization in 10 and improvement in 2 patients over 2 years followup. Spasticity improved in only 2 patients but stabilized in 9. Spastic symptoms in the legs deteriorated further in 4 of 15 patients. The patient who reported excessive perspiration in the lumbar and sacral areas finally experienced an improvement after 3 months. Altogether, 14 of 15 patients showed no additional neurological deficits above the transsection level with stabilization or even improvement in their motor and sensory function compared with the preoperative examination. Eight patients suffered further subjective deterioration, mainly in terms of spasticity and pain, but objectively presented with stabilization of their neurological status compared with the preoperative situation. There were no adverse surgical events or any objective immediate functional deterioration associated with the operative procedure. All patients could be mobilized without restriction the day after surgery.
Details of the postoperative course and follow-up, including the MR imaging data, are summarized in Tables  2 and 3 .
Discussion
Syringomyelia has been well recognized in the longterm course of patients following spinal cord injury. There are several methods of surgical treatment including shunt insertion, decompressive laminectomy, dural reconstruction, and, as an irreversible option, spinal cordectomy. Barnett and Jousse 2 documented the first transsection and removal of a 2-to 3-cm part of the spinal cord in 1973. They described the pre-and postoperative courses of 4 patients who underwent cordectomy. Pain relief and improvement in motor function and sensibility were achieved in all of these patients. Over the years, other authors reported on their experiences and outcomes in patients following cordectomy for posttraumatic syringomyelia. The latest reports were written by Laxton and Perrin, 8 who described 4 patients with a history of posttraumatic syringomyelia treated with cord transsection, and by Kasai and coworkers.
6 Neurological function in these patients also improved or stabilized after trans section. Durward et al. 4 reported on 10 paraplegic patients who underwent this procedure. The clinical indications for surgery varied, including posttraumatic syringomyelia, uncontrollable leg spasticity, and posttraumatic spontaneous neurogenic leg pain. Clinical results in the patients with syringomyelia and uncontrollable leg spasticity were excellent, but the cordectomy did not provide permanent relief in those with neurogenic leg pain. Thus, the authors concluded that selective spinal cordectomy is a valuable procedure for specific indications. Sgouros and Williams 12 described 16 patients treated with cordectomy. A shunt was additionally placed in the syrinx in 8 patients, but not in the other 8. The clinical outcome for these patients over an unspecified time course was excellent. Barbaro et al.
1 treated 1 case of posttraumatic syringomyelia by using cord transsection, and stabilization of the patient's neurological status occurred during 1  76  7996  96  96  96  96  96  3  84  84  84  84  84  84  4  77  77  81  81  80  80  5  82  81  87  88  87  87  6  104  104  104  104  104  104  7  88  88  88  88  88  88  8  52  52  53  51  51  53  9  74  74  74  74  74  74  10  64  64  64  64  64  64  11  79  77  78  79  79  78  12  96  96  96  96  96  96 (continued) the postoperative course. Another case report in 1989 by Reddy et al. 11 documented 2 patients with posttraumatic syringomyelia with improvement in autonomic and motor function after cord transsection. Despite these encouraging results, some other authors have reported no beneficial outcome after this treatment in patients with paraplegia and syringomyelia.
9,13,14
With regard to patients with non-posttraumatic syringomyelia or a tethered cord syndrome caused by tumor or another etiology besides an Arnold-Chiari malformation, a search of the literature provided only a few case reports. Raza et al. 10 described a 65-year-old woman who presented with a recurrent thoracic meningioma following 3 attempted resections, radiation therapy, and a trial of hydroxyurea chemotherapy. This paraplegic patient claimed to have burning paresthesias bilaterally in her upper extremities 12 months after a third resection attempt. She underwent a T2-7 laminectomy along with a T2-8 cordectomy. Two months postoperatively, she was doing well with no further deterioration in neurological function. Kyoshima et al.
7 described a case of malignant astrocytoma of the conus medullaris in a 48-year-old man treated with spinal cordectomy. The cord was segmentally transected just caudal to the root entry zones of the preserved sensory roots to minimize neural deficits. The final transected level was between T-3 and T-4, and histologically the cut end did not reveal any tumor invasion. Unfortunately, the patient died of tumor recurrence and dissemination. The authors concluded that although the attempt to control the tumor by long-segment cordectomy was unsuccessful, spinal cordectomy with a wide margin might be an appropriate treatment for patients with malignant astrocytoma of the conus medullaris, suffering from a complete deficit below the lesion, and without dissemination. These case reports described cordectomies for recurrent spinal tumors and with the aim of preventing further tumor dissemination. However, it is also important to take into account the consecutive syringomyelia with its symptoms due to CSF pathway occlusion and following adhesions at the tumor level. Therefore, the question becomes is cordectomy a possible treatment in posttraumatic situations only. Not only syringomyelia but also a tethered cord and adhesive arachnoiditis due to spinal tumors or abacterial fibrosis can cause progressive neurological deficits and increase spasticity and pain.
We could confirm neurological stabilization after cordectomy-and even improvement in a few cases-in 13 patients with posttraumatic syringomyelia, 1 patient with tethered cord syndrome and a syrinx after surgical cord damage, and 1 patient following ependymoma resection.
Dissection of the subarachnoid adhesions was accomplished in all patients before cord transsection, because intraoperative inspection and in some cases even the MR imaging showed marked cord tethering due to adhesions at the injury level (Fig. 3) . These adhesions could play a further role in the development and progression of syringomyelia and clinical deterioration. In 1994 Cho et al. 3 concluded that subarachnoid blockage and consecutive obstruction of the CSF pathways is caused by adhesive arachnoiditis. Widening of the cord at the site of the primary cyst may be supported by the subarachnoid obstruction and develop to a longitudinal cavity within the spinal cord.
The cordectomy level was determined based on MR imaging findings (grade and level of tethering and syrinx extension), level of cord contusion after trauma, and intraoperative findings of adhesions and arachnoiditis. Cordectomy was performed close to the level of injury where widening of the spinal cord usually begins. The cord transsections were complete cuts through the myelon. Therefore, the cyst cavity could again have natural drainage into the subarachnoid space, and intraoperatively we could see the reappearance of myelon pulsations following collapse of the syrinx.
Conclusions
Cordectomy is not the first treatment of choice but is an alternative option for patients initially treated with decompressive laminectomy, dural reconstruction, and/or shunt insertion with persistent or new neurological deficits and progressive syringomyelia and adhesive arachnoiditis due to spinal trauma or other etiologies such as tumor. In general, however, not all patients have to suffer from total paraplegia or tetraplegia. Some may have the functional remains of the myelon with an incomplete motor or sensory deficit. Before indicating cordectomy, the balance between the potential benefit of such a treatment and the possible additional deficits must be thoroughly assessed. 
